Extracellular ionic and volume changes: the role in glia-neuron interaction.
Activity-related changes in extracellular K+ concentration ([K+]e), pH (pHe) and extracellular volume were studied by means of ion-selective microelectrodes in the adult rat spinal cord in vivo and in neonatal rat spinal cords isolated from pups 3-14 days of age (P3-P14). Concomitantly with the ionic changes, the extracellular space (ECS) volume fraction (alpha), ECS tortuosity (lambda) and non-specific uptake (kappa'), three parameters affecting the diffusion of substances in nervous tissue, were studied in the rat spinal cord gray matter. In adult rats, repetitive electrical nerve stimulation (10-100 Hz) elicited increases in [K+]e of about 2.0-3.5 mM, followed by a post-stimulation K(+)-undershoot and triphasic alkaline-acid-alkaline changes in pHe with a dominating acid shift. The ECS volume in the adult rat occupies about 20% of the tissue, alpha = 0.20 +/- 0.003, lambda = 1.62 +/- 0.02 and kappa' = 4.6 +/- 0.4 x 10(-3) s-1 (n = 39). In contrast, in pups at P3-P6, the [K+]e increased by as much as 6.5 mM at a stimulation frequency of 10 Hz, i.e. K+ ceiling level was elevated, and there was a dominating alkaline shift. An increase in [K+]e as large as 1.3-2.5 mM accompanied by an alkaline shift was evoked by a single electrical stimulus. The K+ ceiling level and alkaline shifts decreased with age, while an acid shift, which was preceded by a small initial alkaline shift, appeared in the second postnatal week. In pups at P1-P2, the spinal cord was X-irradiated to block gliogenesis. The typical decrease in [K+]e ceiling level and the development of the acid shift in pHe at P10-P14 were blocked by X-irradiation. Concomitantly, continuous development of glial fibrillary acidic protein positive reaction was disrupted and densely stained astrocytes in gray matter at P10-P14 revealed astrogliosis. The alkaline, but not the acid, shift was blocked by Mg2+ and picrotoxin (10(-6) M). Acetazolamide enhanced the alkaline but blocked the acid shift. Furthermore, the acid shift was blocked, and the alkaline shift enhanced, by Ba2+, amiloride and SITS. Application of glutamate or gamma-aminobutyric acid evoked an alkaline shift in the pHe baseline at P3-P14 as well as after X-irradiation. The results suggest that the activity-related acid shifts in pHe are related to membrane transport processes in mature glia, while the alkaline shifts have a postsynaptic origin and are due to activation of ligand-gated ion channels.(ABSTRACT TRUNCATED AT 400 WORDS)